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On the Excretion of Amino Nitrogen.
The data which form the basis of this thesis were obtained
from the results of a series of experiments upon the question of food
inges-
tion conducted at the University of Illinois during the year I9I2 under
the
direction of the Laboratory of Physiological Chemistry.
It is only within very recent years that the problem of the
excretion of amino acids has been given any serious attention, due, more
or
less, to* the fact that methods heretofore available have generally been
in-
applicable to the detection of the. end-products of protein hydrolysis.
In
fact, it is only vary recently chat a method of estiraating amino
acids, and
this only where relativol- J.arge quantities are present, has bean
proposed.
In I90I-2, Snil Fischer (I) indicated the first practical method for
the iso-
lation of the a-amino acids. This tiethod, which depends upon the formation
of the ethyl esters according to the method of Ourtius (S) and separation
of the various esters by fractional crystallization, is of great service in
separating the acids where they are present in abundance, as, for example, in
the hydrolysis of proteins, etc. Even in this case, however, the quantities
are only roughly indicated. Very shortly after the above method -vaa proposed,
E. Fischer and P. Bergell (3) brought out another method for the isolation
of these acids, using, as a reagent, B-naplthalin sulT^hochlorid, which gives
difficultly soluble, characteristic compoui^a with a-amino and h/droxy-amino
acids and their compounds.
The '^.ethod outlined by Fischer anl nis collaborators for the
estimation of amino acids in urine consists in shaking 500 oc of the urine
nade alkalin with 4 cc N/^ sodium hydroxid for six to eight hours with an
ether solution containing 4 grams of B-naphthalin sulpho-^^hlo^vl. .^ft-*-
rating tha aqueous solution from the ether, hydrochloric acid is added and

2the resulting precjipitate filtered off and arystallized.
These authors found! that when snail quantities of a-amino
aoids were fed to dogs, th^re were no traces present in the urine but small
aao'onts could be found after the subcutaneous injection of lafge arao^onts
4
(5 grana) of glycocoll. In normal urine, Fischer and Bergell could find
at most only traces of amino aoids by this method. These findings are borne
5
out by Ignatowski who found only traces of amino acids in normal urine. In
pathological urine, this author found considerable quantities of gfysocsoll,
leucin and aepartic acid. This was noticeably true in cases of arthritis.
6
Erben investigated the amino acid content of normal urine by means of the
B-naphthalin sulphochlorid method and reported that no amino aoids could be
found. Where glycocoll, alanin, leucin, etc. were added to urine and this
method applied, furthermore, only 57.7 to 80.04 per cent of the nitrogen
•oresent as amino nitrogen was recovered,
7
In 1906, Erabden and Reese improved the Fischer-Bergell
method, so that appreciable quantities of amino nitrogen could be detected in
normal urine. They found that the degree of alkalinity was a large factor
in the determination and by controlling this, improved the accuracy of the
method greatly. These investigators found the daily output of amino nitrogen
in normal urine to range from 0,018 to 0.043 grams. Using the method as thus
8
modified, Plaut and Reese determined the amino nitrogen excreted following
the feeding of alanin. From thirty-six to sixty-four per cent of the nitro-
gen was recovered. In cases where amino aoids are fed, it is not to be ex-
pected, of course, that they will b© recovered quantitatively, as they will
be partly absorbed in the organism. Relatively large amounts of amiho acids
were found in certain pathological urines by A. Lipstein , In cases of ar-
thritis and leucemia, this author found from 0,93g to 2.93 g. of amino
acids excreted daily. These values are much higher than those obtained by

iIgnatowskiin siailar oases. However, inasmoh as the analyses by the two
investigators mentioned were made on the urines of diferent cases, the ques-
tion of individuality has an i?sportant bearing.
An added stimulus was given to the solution of the question
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of amino acid exoretion when the Method advocated by Soerensen for the
estimation of amino ao*dl by the formol titration method was applied to the
II
detection of these oojapounds in urine by Henriques . FoBinaldehyde reacts
with the NH2 groups of the amino acids, formine: a laethylene derivative and
permitting the resulting acid to be titrated directly with sodium hydroxid.
In applying this method to the determination of amino acids in urine, the
ammonia is first removed quantitatively and the phosphates precipitated by
means of barium chlorid and barium hydroxid. The filtrate is titrated with
N/IO sodium hydroxid, using phenolphthalein as an indicator.
IS
Thia method has been used by Henriques, Frey and Gigon ,
13
and Yoshida for the quantitative determination of amino acids in urine.
Henriques found from 0.008 grams to 0.331 grams of nitrogen and Yoshida
from 0.05 to 0.43 grams nitrogen excreted per day in this form.
The chief and most significant objection to the formol ti-
tration method is that whatever other organic acids are present are titratdd
in with the sunino acids. The best method available at the present time is
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that proposed by van Slyke ,
It has been known for some time that nitrous acid reacts with
the sunino group of the amino acid forming an hydroxy acid, e.g.,
R-NHa + HNO3 = R-OH + HgO + Na.
This reaction proceeds quantitatively from left to richt as the nitrogen is
removed. Van Slyks has devised an apparatus in which this reaction may be
carried out conveniently and the nitrogen measured quantitatively. For de-

torraining the amino nitrogen in urine, the latter ia hydroljrsed at 175 C
under pressure by reans of sulphuric asid. After boiling with oaloiua hy-
droxid in order to get rid of the ammonia present, the urine is filtered,
concentrated and the amino aoid content deternined. This is done by run -
ning a neaaured volume of the hydrolysed urine *nto a mixture of sodium
nitrite solution and glacial acetic acid, all air having been expelled from
the apparatus previously. After about five minutes (the ti^e necessary to
hydrolyae the amino acid) the gaseous mixture of nitrogen and nitric oxid
is run into an alkaline solution of potassium tiftaanganate, where the nitric
oxid is absorbed. The pure nitrogen is then measured in a gas burette.
Although van Slyke reports a few determinations on human
urine, no series of results over a given period by the van Slyke method
has yet been reported. In this investigation, it was the purpose to determine
(I) the amount of amino nitrogen excreted per diem and (2) the influence
of food bolting and "FletcheriJting" upon amino ar-id excretion. For this
piarpose, the van Slyke apparatus and method were used,
EXPERIIENTAL.
It was soon evident, when working with the van Slyke method
that all the air could not be satisfactorily expelled from the apparatus
by disconnecting the reaction chamber and gas burette as recommended. This
difficulty was removed by ;^lacing a three-way stop-cook between the two.
By this means, the residual air could be ooinplately washed from the appara-
tus and the only nitrogen likely to cause error would be that dissolved in
the solution of the reacting substances. This latter, however, is a constant
error and a correction may be applied to cover it.

5The method as used in these experi:nenta ia aa follows: 50 oo
of the total days urine are measured* into a flask and 2 oo of oonoentrated
sulphuric aoid added. The aoid urine is then plaoed in an autoolave for an
hour and a half at a"bout 175 0. under pressure. This results in the hydro-
lysis of the urea, yielding oarbon dioxid and amonia. As amaonia and ursa
"both reaot with nitrous aoid, yielding free nitrogen, they ntust be removed
before the determinations are made. After hydrolysis is oomnlete, a few drops
of sodium alizarin sulphonate as an indioator are added and potassium hy-
droxid added in quantity to leave a slight exoess of the weagent. The solu-
tioa is boiled 20 to 30 minutes in order to get rid of all the ammonia.
After boiling, the solution is approximately neutralized
and the volume made up exactly t* 50 co. 10 oo of this is then used for
eaoh amino aoid determination, for this purpose, the method outlined by van
Slylc* is followed with some slight ohanges. One of the ohielff points in the
method is to get rid of all the air and dissolved nitrogen. 28 oo of a solu-
tion of sodium nitrite, containing 30 grams of the nitrite per 100 oo, are
run into the reaotion oharaber of the apparatus and mixed with 7 oo of glao-
ial aoetio aoid. The reaotion is allowed to proceed for a few minutes until
about 10 00 of gas are formed. This gas is washed from the apparatus by
opening the three way stop-oook and allowing water to run in from a side
vessel o*nneoted to the reaotion chamber. The stop-oook is then closed and
the reacting mixture allowed to baok up into the side vessel till about
10 00 more gas are formed when this is again washed out. This process is
repeated. By these means, the apparatus is practically freed from any re-
sidual air or nitrogen dissolved in the nitrite solution or glacial aoetio
aoid. Blanks were run on the apparatus in this way and a constant correction
applied to the aaino aoid determinations.

In making the araino acirl dftterrsinations, about 25 3g of the
iinxud in the reaction cjha-n^er are displaoed and 10 co of the hydrolysed
urine run in. The reaction tiwe is five minutea in each case. The gas is
oolleoted in the gas burette. It the end of the five-minute interval, the
last trace of gas is washed into the burette and thence into the oxygen
pipette, where the nitric oiid ia absorbed by the alkalin per:nanganate
solution. The pure nitrogen gas is then run back into the burette and the
volUT!ie notad, tajuperature and baroTsetric pressure being recorded at the
sajie tinv.
The treatment of the hydrolysed urine with potassiu?* hy-
droxld instead of calciuia hydroxid as reconnended by van Slyke is by far
the preferable way. It is not only cleaner and mare rapid, but avoids any
dahger of error due to occlusion of the amino acids by the oalciua hydroxid.
No filtering is necessary when potassiun hydroxid is used, whereas a lengthy
process of filtration is rendered necessary by the van Slyke procedure in
orcl^r to remove all the oalciuja hydroxid.
Prelininary experinenta carried out by us, where potassixm
hydroxid was substituted for the caloiua hydroxid, in the -lethod of deter-
nining the amino acid content of solutions of p4re amino acids, such as
glycocoll and alanin, showed that the potassium hydroxid does not split
the nitrogen fro:n the amino acid. These findings are f-arther substantiated
by the results of a series of experiments carried out in the laboratory of
15
quantitative analysis of this University by Dr. L.L, Burgess. In these
experiments. Dr. Burgess has shown that boiling with potassium hydroxid of
a concentration as high as 2N and in some cases even 4N, does not decom-
pose amino acids. The treatment above outlined, therefore, is entirely
safe and much more preferable.

7Table I.
a-Alanin hydrolysed and boiled with potassiua hydroxid.
Voluino of gas Pressure Te!3perature grams of nitro- grama of nitro-
in oo. gen in 10 oc gen in 10 cc
4,70 CO
rm 9
742,6 26.8
( found ) ( calculat ed
)
0.0025 g 0.0027 g
5.55 741.3 29.2 0.0030 0,0027
4.50 732.7 24.3 0.0024 0,0027
4.45 742,6 26.8
Table 2.
0.0024 0.0027
Solution of glycocoll and urea hydrilysed with sulphuric
aoid under pressure and feoiled with potassiua hydroxid.
Volxime of gas Pressure Temperature grams of nitro- graas of nitro-
in 33, gen in 10 oc gen from gly-
( found) cocoll in lO-co.
2,05 CO 732.7 25.2 O.OOII g 0.0017 g
3.10 7.32.7 25.2 0.0016 0,0017
3.04 732,7 25.2 0.0016 0,0017
Usually, boiling for 20 to 30 minutes is necessary in order
to get rid of all the aisraonia.
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A criticism of the van Slyke method is made by Robertson ,
He fi?ids that besides nitrogen from the amino acids, some free nitrogen and
also sone oxygen are split from the sodiim nitrite and given off during the
reaction. As amino acids are entirely decomposed within the first five min-
utes by this reaction, all of our determinations were carried out under as
nearly uniform oonditions as possible. The correction factor was thus main-
tained constant.

The aaino nitrogen determinations irere run on the samples of
urine as early as possible, as the question as to whether the aaino nitrogen
oontent of urine is altered by standing has not yet been investigated. The
experiments were carried out upon two men (F. and J) as sub jeots.The diet
was uniform from day to day for eaoh subject. Subject J. weighed 63,8 kg, and
was therefore fed a somewhat higher ration than F.,who weighed 58.3 kg. The
daily rations were as fol!'-Ows: -
Articles of Diet Subject J . Subject F .
Meat 215 g. 185 g.
Sraham Crackers 150 150
Butter 150 150
Agar Agar 15 10
NaCl 2 1.6
Milk «00 00. 500 CO.
later 1800 oc. 1800 cc.
The meat used in the experiment was "round" steak, freed from
fat and connective tissue. It was then cut into fifteen-milliaetre cubes.
The cubes were boiled, then introduced into pint Mason jars, sterilized
and kept in a refrigerating room. The water was taken 300 cc at each of the
three meals and 900 oc between meals. The diet of J. contained 21.136 grans
of nitrogen per day, whereas that *f F, contained 18.400 grams per day.
The experiment began with a period of nine days during
which the food was masticated normally. This period was subdivided into two
periods of six and th ree days, respectively, the diet being increased
somewhat during the three day sub-period. This nornal period was followed

by a 8-v©n day period in whioh the food was ingested without nLaatio&tion .
Following this "boltii^" period oarae a period of siiilar length (seven days)
in whicsh hyperaa8tic?ation gas practiced and this period of so-called "Flet-
aherizing" was followed "by a final interval of one week in whioh the con-
ditions of the preliminary ncrraal petiod were duplicated. Following the ex-
perivient proper, a period of four days was utilized in the making of a
check experiment to determine the quantity of fecal nitrogen excreted dail-
y wh4ch was true metabolic nitrogen , In making this experiinent, the object
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was to feed a nitro^jen free diet of the same energy value as the regular
diet and one which should yield approximately the sane average daily out-
t)ut of feces as the original diet. The bulk of feces was regulated by the
18
feeding of agar agar. according to the suggestion of Mendel and Fine . It
is seen, therefore, that the experiment embraced the investigation of food
bolting and Flstcherism, preceded and followed by intervals in which nor-
mal mastication was practiced.
The results obtained from this series of experiments are
extremely interesting in many respects. In the first place, it will be
noted that while the quantity of amino nitro^-en excreted during the different
periods varied with the mnner in which the food was taken and varied also
with the individual, the total average daily excretion of amino nitrogen
for the entire experiment is nearly constant. ',7ith one individual, F, the
average dally excretion of amino nitrogen was 0.78 g. while with the other
subject, J, the average is 0,77 g. It would be logical to expect such close
agreement in cases where individuals were fed a uniform diet over the sa^ne
length of tine and under the same conditions, but on inspection of the
tables, it will be seen that the values are widaly variant diiring the dif-
ferent periods. ^Thether or not there is a tendency of the organism to sus-

Itain the excretion of a oonstant amount ttf amino nitrogen over long perioda
of tine oan only be determined by running a aeries of experiments for a con-
siderable period of time on a nuraber of subjects. That the values are so
nearly identical in these experiiaents* in any case, indicates that there is
a fairly constant normal exoretion of anino nitrogen for these two subjects.
The quantity of amino nitrogen excreted per day as measured by this method is
somewhat higher than that found by Embden and Reese (loo.cit.) by the 3-naph-
thalin sulphochlorid method and by Henriques by the Soerensen titration
method. This is very likely due to the differences in the manner in which
the determinations were carried out. By the B-naphthalin sulphpchlorid
method, 500 cc of urine are used for a single determination, whereas in the
method used in these experiments, only 10 cc of urine are used for the suiino
acid determination. In any case, however, the amino nitrogen values as found
by the method under which theee determinativons were made are comparable
inter se and furnish an index to the metabolic changes occurring under the
conditions outlined.
The results obtained in the study of the manner in which
the food was ingested are very striking. So far as I am aware, no work has
been published on the metabolic changes occurring during food boltijig. Fur-
thermore, the question of amino acid excretion has >^een studied only with
reference to the normal out—put of amino nitrogen and under no very care-
fully controlled conditions, Where the^normal output of amino nitrogen" has
been investigated, there has been no uniform diet and no especial condition"
in the manner in which the food was taken, so that the results obtained in
this investigation are comparable only with themselves. In the table below,
the average amino acid excretion is expressed in grams of nitrogen per day
and averaged for the different periods.
II
TABLE 3.
Day Volii-Tio of N
2
Pressure TftBiperature g, amino
K per day.
Amino N par
oant of total
N.
I 3.32 CO
PraliKinary.
rm.
741.4
•
24.3 0.36 g.
8 10. «7 743.0 23.2 1.46
3 7,65 747.4 23.5 1.07
4 5.05 747.4 23.5 0.54
5 7.67 755,5 24,2 0.73
6 3.30 754.4 24,1 0.30
Preliainary noraial.
I 2.40 754.4 24,1 0.41 2,02 p. 3,
2 9.00 741,4 24.2 1.63 8.10
3 5,82 745.0 24.0 1.02 5.06
Avoraga 1.02 5.08
Bolting Pariod.
I 3.37 745,0 24.0 0.73 3.70
2 8.97 740.2 24.0 1.67 9.65
3 5,00 740.2 24.0 0.83 4,08
4 6,75 740.2 24.0 1,20 6,20
5 1.90 740,4 27,5 0.35 1,86
6 5.47 740,4 26.5 1.03 5,42
7 7.12 740,4 28.0 1.33 6.77
Averaga 1.02 5.32
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Dav Volu'^e of ^
2
Pressure Teaperature
<
'a of total N
I 5.35 CO
Pletoherizing Period.
737.5 24.0 1.03 grama 4.66 /•
S 1.50 739.8 24.0 0.23 1. 10
3 8.37 747.4 23.5 S.Qf 5,21
4 8.50 743.1 25.5 1.02 5,07
5 1.92 739.5 22.4 0.35 1.65
8 3.20 739.5 24.6 0,55 2.67
7 3.27 740.4 26.5 0.49 2.40
Averags
Final Norraal Period,
0,C8 3.23
I 5.32 740.4 29.0 1. 17 5,66
2 5.32 733.9 27.0 0.94 4.46
3 5.70 733.9 27.0 1.04 4.97
4 3.60 733.9 27.0 0.68 3,32
5 3.22 733.9 27.8 0.74 3.65
3.80 733.4 27.5 0,69 3.40
7 3.75 733.4 27.5 0,90 4.53
Average 0.88 4,30
Nitrogen-free feriod.
I 3.22 733.4 27.5 0,46 4.02
3 1.80 733.4 27,5 0,41 5.21
3 0.70 733.4 27.5 0,09 1.70
4 0.80 733.4 27.5 0,15 2.24
Average 0,28 3.29

I 3
It will h« noted that during the sevan days of food bolting,
tha ftxorotion of amino nitrogen suffered praotioally no ohange, the values
reaaining nearly cjonstant, indicating that tha food was as well utilized
durin,^ food bolting as during noraal aastioatlon. Further, during the
fletoherizing period inraediately following, the nitrogen value was diHin-
ished somewhat more than 30 per cent, from which value there was a slight
increase in the final period. This clearly shows a tendency on the part of
the organism to utilize the food muoh more efficiently during the fletcher-
izing and final period. The amino nitrogen that was excreted during thd
period in which nitrogen-free food was fed was due to the breaking down of
the body proteins, e.g., tissues and juices.
In the following table, the averages are based as in the pre-
ceding table upon the daily excretion of amino nitrogen during each period.
TABLE 4
./
Day VoluMe of W Pressure Tarmerature Grams sunino N /• of total N
2
Pralininary Period,
cc ircn %
1 3.82 740.5 25.0 0.57 grams
2 5,42 740.5 28.0 0.82
3 5.20 740.5 26.0 0.67
4 3.12 740.5 26.0 0.40
5 6.72 740.5 26,0 0.75
6 3,57 754.4 24.1 0.47
Average 0,64
Normal Praliminarv Period.
./
I 3.75 754.4 24.1 0,47 2.71 /»
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TABLE 4 (continued).
Day Vol\une of H Pressure TesTperature Graas amino N /• of total N
o
Norjtial Prelinimry Period. • /
• grams //•
2 13.77 741.4 24.2 2.00 11.70
3 11.75 741.4 24.5 2.05 12.20
Average 1.50 8.80
Bolting Period.
I 10.15 735.1 25.1 1.94 11.70
8 6.15 737.0 25.0 I. 01 5.86
3 1.55 747.6 19.0 0.26 1.55
4 2.47 745.3 24.5 0.37 2.07
5 3.97 745.3 24.5 0.55 3.26
6 4.47 747.6 20.0 0.46 2.69
7 5.75 745.3 25.0 0.70 4.03
Average 0,49 2.87
Fletoherizing Period.
I 4.80 737.5 22.0 0.78 4.16
2 5.42 740.1 21.2 0.88 4.90
3 9.87 740.1 21.2 1.89 9.60
4 8.42 734.4 24.5 1,24 7.71
5 5.40 737.0 25.0 5.38
8.12 740.4 28.3 1.02 7.10
7 12.80 737.7 25.6 2.27 12.40
Average 1.26 7.26



It will he notod her© that the anino nitposen exoretion fol-
lowing food bolting was decreased froa 1,50 grams to 0,49 grams - a decrease
of over C6 per cent, showing a very pronoionced increase in the availability
of the amino acids resulting from the hydrolysis of the ingested protein.
During the fletcherizing period, which irinediately followed, the nitr*gen
values were greatly incresed, but the average was not nearly as great as
during the normal preliminary period. This may be due to a greater availabi-
lity of the amino acids accompanying fletoherizing of the food or to the
previous beneficial influence of the bolting period or to a combination ef
both.
If we may assume that the urinary amino nitrogen output
may be taken as an index of absorbtion efficiency, from the marked decrease
in amino nitrogen excretion accompanying food bolting, it would seem that
the bolting of food is responsible for increasing the efficiency of absorb*
tion of amino acids in the body and that its effects are earried over into
the periods following.
Were it not for the strong evidence against dietary
19, 20, 21, 22,23, 24, 25,
adaptation of various types, we might perhaps be
inclined to consider that our data for the normal periods afford evidence
in favor of such adaptation. It will be noted that the average daily out-
put of amino nitrogen for the first normal period was 1,51 grams, whereas
the output of this form of nitrofeen in the sectnd normal period was but
one third this value (0,50 gram). When it is taken into consideration that
the diet was uniform in the two periods, the basis for an adaptation inter-
pretation may be considered as evident, 7e are inclined, however, to favor
an interpretation which explains the low value for the second normal period
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on th« basis of the good after effects of the fletcherizing period. The a-
daptation interpretation nay be objected to also upon the ground that the
amino nitrogen output did not decrease progressively from the first period
to the fin'^.l period. The periods of notably inproved amino acid availability
alternated with periods in which the daily output of this type of nitrogen
was excessive.
The low amino nitrogen value for the bolting period
when taken into consideration in connection with the Bigher values for the
preceding normal period and the succeeding period of fletcherizing «ay
possibly be taken as an indication that the subject under consideration
was more efficiently nourished by the ingestion of aeat in fifteen-ailli-
reetre cubew than by the ingestion of siiiilat meat normally nasticated er
fletcherized. For exanple, when meat In cubes of the size indicated enter
the storaach, they remain for a longer period than does meat finely divided
and at the sane tiae entails the secretion of a greater volume of gastric
26
juice. This fact has be4n demonstrated by Cohnheim w^o also determined
that the products of the digestion of the cubes contained only 9 per cant
of insoluble nitrogen, whereas this value was 41 per cent for finely di-
vided moat. In this connection, he demonstrated that 17 per cent of the
nitrogen of the cubes was absorbed in the stomach, whereas none of the
nitrogen of the finely divided meat underwent gastric absorbtion. It is,
of course, true that the coarse meat remained far a longer time in the
stamach - 2,5 hours as against 1,6 hours. This fact may also logically
be interpretated as favoring the ingestion of coarse meat, inasmuch as the
intestine is by far a mora important digestive apparatus than is the
stomach and it is, therefore, to the best interest of the organism if the
digestive task of the intestine can in any way be lessened.
II
In determining the amino nitrogen in these experiments,
no indidation is given of the effeot of the diet upon the amino aoids ex-
27
orated. To sone extent, this question has "been investigated by Landau •
Hft found that the diet alters the dailj^ output of amino nitrogen very 3on-
sidera"bly. In the course of his experiments, he found that a diet of plas-
roon oauses an amino nitrogen excretion of from 0,001 grants to 0,047 grams
per day, while with a meat diet, from 0.284 grams to 0,31 grams ripresented
the daily excretion. It will be seen that the rieat diet was responsible
for a mxoh more pronounced excretion of amino acids.
The question as to what amino acids actually occur in
normal human urine has been given some attention by Embden and Reese (loc.
28 29 ' 30
oit ), Forssner , Abderhalden and Sohittenhelm , and Samuely , By means
of the B-naphthalin sulphoohlorid method, these investigators separated
out an amino acid having a formula identical with that of glycocoll. Ex-
cept in certain pathological cases, glycocoll would seem to be the amino
acid that is excreted in larpjest amount in urine. According to the findin;^
of Embden and Reese, the glycocoll must exist in a form that is readily
split by the alkali used in the determination. As to the identity of the
amino acids excreted, no clue is given, of course, by the van Slyke method.
It is not Tinusual to find in pathological urine such
amino acids as leucin and tyraain in relatively large quantities together
with increased quantities of gylcocoll. The normal excretion of tyrosin
and leucin is, however, practically inimportant compared with that of
glycocoll,
When amino acids are fed directly, there is an excretion
although not by any means quantitative, of the amino acid corresponding
to that fed.
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In th« experiments of Plaut and Reese, noted elaeirhere,
it was found that when alanin was fed to norml men, this amino acid aould
"be re30vered in the urine. One peculiarity of the results obtained was
that although the raoeiaio forw of alanin was fed, the 1-alanin was recovered.
This was true of dogs as well as men. These results have "bean further sub-
31
stantiated Toy Oppenheiiaer , ?hat d-alanin is raore efficiently utilized
than the l~forn in the organism has "been verv clearlv indicated by the
32
work of Abderhalden and Schittenhelm
.
In the experiments carried on by
these investigators, mixtures of the d- and(-for-3 of alanin, the 1-forn
alone and the d-foria alone were fed freapeotively to dogs and the amino
acids excreted under these conditions analysed. In every case, the sunino
acid excreted was foundt to be largely the l-forra of alanin. ¥hen the pure
d-form was fed, it was foundt to be oxidized within the body as practically
none was excreted, showing plainly that the d-alanin is much more easily
assiiulated than the 1-form, The method used in this determination was the
B-naphthalin sulphoahlorid method, by means of which, the ammo acid was
separated out directly. That the d-form of alanin is assimulated while the
l-form is excreted would indicate a selective function of the organism.
In such investigations as those which form the experi-nen-
tal portion of our investigation, the applicability of the van Slyke method
to the (let afcftination of the total amino acid excretion is evident. It af-
fords a ready means of investigatiom and a fairly accurate check upon the
total amino acid output, although no indication is given as to the identity
of the amino acils excreted under the conditions outlined.
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Summary nnd Conclusions.
As a result of the experimebts which form the "basis
of this thesis, the following conclusions may he drawn:-
(1) An investigation of the normal output of amino acids
in man during a period of several weeks in which the diet has teen careful-
ly regulated is reported,
(2) An improvement of the van Slyke method for the esti-
mation of amino acids in urine is suggested,
(3) The influence of food bolting and fletcherizing
upon amino acid excretion has heen studied.
(4) It was found that the excretion of amino nitrogen
remaine.1 nearly •.-jcn.^tar.t during food tolting, showing that the f*dd was as
well utilised during food holting as during the ingestion of food under
normal conditions,
(5) The data seem to indicate a fairly constant ex-
cretion of amino nitrogen.
(6) In the periods following the bolting period, when
the food was thoroughly masticated, there is a pronounced decrease in ariino
acid excretion, indicating a more highly efficient utilization than during
the normal mastication of food,
(7) The low amino nitrogen valuee obtained for the bolt-
ing period, when taken into consideration with those obtained for the suc-
ceeding periods may possibly be taken as an indication of a more efficient
nourishm.ent of the organism.
II
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